OPTICAL DISC, OPTICAL DISC RECORDING APPARATUS, AND 
OPTICAL DISC RECORDING METHOD FOR FACILITATING DUBBING, 
STORAGE MEDIUM FOR STORING OPTICAL DISC RECORDING PROGRAM 
FOR FACILITATING DUBBING, OPTICAL DISC REPRODUCING 
APPARATUS, AND OPTICAL DISC REPRODUCING METHOD 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

This invention generally relates to a rewriteable 
optical disc, an optical disc recording apparatus, an optical disc 
recording method, and a storage medium for storing optical disc . 
recording program, and specifically to a rewriteable optical disc, 
an optical disc recording apparatus, and an optical disc recording 
method for facilitating diibbing, and a storage medixim for storing 
optical disc recording program for facilitating dubbing. 

(2) . Description of . the Prior Art 

: Recently, DVD (Digital Video/Versatile Disc) -RAM, one of 
rewritedble optical discs, has been commercialized. The DVD-RAM 
is a phase-change-type disc having a capacity of several giga 
bytes- Now that MPEG and MPEG2, standards for 

compressing/encoding AV (Audio Visual) data, have gone into 
practical use, it is expected that the DVD-RAM will be used not 
only in computers but as an AV recording/reproducing medium. That 
is, the widespread expectation is that the DVD-RAM will be 
prevalent and replace the magnetic tape which has been a major AV 



recording/reproducing medium. 

It is possible for users to record data onto DVD-RAMs 
while this is not possible with read-only DVDs (hereinafter 
referred to as DVD-ROMs). As a result, it is expected that DVD- 
RT^s provide a wide. range of uses. 

However, it is not so easy to perform dubbing on 
conventional optical discs as on the magnetic tapes. 

The magnetic tapes have independent areas for recording 
video tracks and audio tracks. Also, video data and audio data 
are read/written from/onto the magnetic tapes via respectively 
independent magnetic heads. Accordingly, it is very easy to 
perform dubbing of audio data on the magnetic tapes. In case of 
analog video tape recorders, the time (delay) taken for starting 
reproducing audio or video data read from the magnetic tape via 
the head is nearly zero. This is the same for the time (delay) 
taken for starting writing input audio or video data onto the 
magnetic^ tape via the head. As a result, data can be recorded 
onto the magnetic tape at the same time as the data having been 
recorded on the magnetic tape is reproduced. # 
In contrast; in case of an optical disc, the video 
stream and audio stream are multiplexed into one MPEG stream to be 
recorded onto the disc. Also, only one pickup is used for both 
, reading and writing data from/onto the optical disc, m the MPEG 
. stream, the video stream is placed before and is processed earlier 
than the audio stream. This is because the amount of video data 



to be decoded is greater than that of audio data. Such data 
structure of the MPEG stream and the construction .of the 
recording/reproducing apparatus make it difficult to perform 
dubbing to record dubbed data onto the optical disc. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide an optical disc. which allows the dubbing to be performed 
as easily as magnetic tape medium, and an optical disc recording 
apparatus, an optical disc reproducing apparatus, and a program 
storage medium storing a prbgram executed in the optical disc 
recording apparatus. 

The above object is fulfilled by a recordable optical 
disc comprising: a data area in which one or more video objects 
are recorded, where a video stream, a first audio stream, and a 
second atdio stream are multiplexed into the one or ia6re video 
objects,* the second audio stream being used for dubbing. 

With the above-stated construction, it is possible to 
perform dubbing easily since the second audio stream for dubbing 
is recorded beforehand in the video objects. It is aiso possible 
to record the dubbing audio data together with the original audio 
data (the first audio stream) since the first and second audio 
strecuns are separately recorded. 

As a result, it is possible to achieve new applications 
(e.g., applications for practicing pronunciation of some language 



and applications including dubbings for Karaoke) which have not 
been achieved conventionally in recordable optical discs.- It is 
also possible to repeatedly record the dubbing while maintaining 
the original audio data. 

In the above recordable optical disc, the second audio 
stream for dubbing may have the same reproduction time period as 
that of the first audio stream. 

With such a construction, it is possible to ensure that 
the first audio stream is dubbed onto the second audio stream over 
the entiire reproduction period. 

> In the above recordable optical disc, the second audio 
stream for dubbing may be recorded with the same bit rate as the 
first audio stream. 

With such a construction, it is possible to ensure that 
the second audio stream for dubbing has the same audio quality as 
the first audio stream. This is achieved, for example, by using 
the same encoding mode and the same sampling frequency for the 
second audio stream as the first audio stream. 

In the above recordable optical disc, the second audio 
stream for dubbing may include audio data which has been generated 
from; the same source as the first audio stream. 

With such a construction, the second audio stream for 
dubbing has the; same source as the first audio stream. This 
enables the audio stream to be performed a partial dubbing. 
Furthermore, the second audio stream having been performed the 



partial dubbing includes the same audio data as the first audio 
stream in a part other than the part in which the dubbing -data is 
recorded* Therefore, the reproducing apparatus needs not switch 
the first and second audio streams during the reproduction. 

5 In the above recordable optical disc, the first audio 

stream may include a plurality of packs which each have a 
predeteritu.ned size, and the second audio stream may include a 
plurality of packs respectively corresponding to the plurality of 
packs included in the first audio stream. 

10 Also, in the above recordable optical disc, each of the 

plurality of packs in the second audio stream may include the same 
audio data as that included in a corresponding one of the 
plurality of packs in the first audio stream. 

: With such a construction, the second audio stream for 

15 dubbing corresponds to the first audio stream in units of packs 
and has the same audio data. As a result, in addition to the 
above-described partial dubbing, it is possible to return the 
second audio stream to the state before dubbing. This is achieved 
by copying the audio data of packs of the first audio stream to 

20 the corresponding packs of the second audio stream. 

The above recordable optical disc may further comprise: 
a management area for storing one or more pieces; of management 
information which respectively correspond to the one or more video 
objects, each of the one or more pieces of management information 

25 shows a state of the second audio stream in a corresponding video 



object and indicates whether dubbing has been performed on the 
second audio stream in the corresponding video object. 

With the above construction, it is possible for the 
recording apparatus and the reproducing apparatus to manage 
whether the dubbing stream has been performed dubbing by referring 
to the management information. 

In the above recordable optical disc; each of the one 
or more pieces of management information may further indicate one 
of a first state, a second state, and a third state, where the 
first state indicates that the second audio stream includes the 
same audio data as the first audio stream, the second state 
indicates that the second audio stream includes audio data which 
has been generated from the same source as the first audio stream, 
and the third state indicates that audio data of the second audio 
stream is irrelevant to audio data of the first audio stream. 

With such a construction, it is possible for the 
recording apparatus and the reproducing apparatus to manage the 
state of the dubbing stream by referring to the management 
information . 

The above object is also fulfilled by a recordable 
optical disc comprising: a data areai in which one or more video 
objects are recorded, where a plurality of elementary streams are 
multiplexed into the one or more video objects, where one of the 
plurality of elementary ■ streams is a video stream and another one 
is a dubbing stream which is used for dubbing either of audio data 



and sub-picture data; and a management area for storing ,one or 
more pieces of management infoirmation which respectively 
correspond to the one or more video objects, each of the one or 
more pieces of management information shows a state of the dubbing 

5 stream in a corresponding video object. 

With the above construction, the dubbing stream is 
multiplexed into the video objects beforehand, and an area is 
secured in the dubbing . stream so that either audio data or sub- 
picture data is recorded in the area. This facilitates the 

10 dubbing. Furthermore, it is possible for the recording apparatus 
and the reproducing apparatus to manage whether the dubbing stream 
has been performed dubbing by referring to the management 
information. 

In the above recordable optical disc, the dubbing stream 
15 may be used for dubbing the sub-picture data representing one or 
more still pictures, each of the one or more . video objects 
includes a plurality of video object units, and each of the 
plurality of video object units includes a part of the video 
stream corresponding to a predeteirmined reproduction time period 
20 and includes a part of the dubbing stream which is to be 
reproduced together with the part of the video stream, where the 
part of the dubbing stream corresponds to at least one still 
picture, and each of the one or more pieces of management 
information indicates whether dubbing has been performed on thie 
25 dubbing stream in the corresponding video object. 



AlsO/ in the above recordable optical disc, the part of 
the dubbing stream included in each video object unit may 
correspond to a still picture having a predetermined size. 

With the above construction, it is possible to easily 
dub at least one still picture into each video object unit. 

The above object is also fulfilled by an optical disc 
recording apparatus for recording one or more video objects onto 
an optical disc, where each of the one or more video objects 
include a video stream, a first audio stream and a second audio 
stream, the optical disc recording apparatus comprising: an input 
unit for ?receiving the video stream and the first audio stream; an 
audio stream generating unit for generating, based on the received 
first audio stream, a second audio stream which is used for 
dubbing; a multiplexing unit for generating the one or more video 
objects by multiplexing the generated second audio stream, the 
received video stream, and the received first; audio stream into 
the one or more video objects; and a recording unit for recording 
the generated one or more video objects onto the optical disc. 

with the above construction, the second audio stream for 
dubbing is multiplexed into the video objects beforehand during 
the first recording onto the optical disc. As a result, it is 
possible to generate an optical disc in which video objects; 
facilitating the dubbing are recorded beforehand. It is also 5^ 
possible to record the d\abbing audio data together with the 
original audio data (the first audio stream) since the first and 



second audio streams are separately recorded. 

. In the above; optical disc recording apparatus, the first 
audio stream received by the input unit may include . packs which 
each have a fixed size, and the audio stream generating unit 
5 includes: a buffer for sequentially storing packs included in the 
received first audio stream; and a control unit for performing a 
control 'so that the packs stored in the buffer are output to be 
included in the second audio stream. 

Also, in the above optical disc recording apparatus, 
10 each pacJc may include a time stamp and a stream identifier, the 
time stamp specifying a time at which each pack is output from a 
track buffer of a reproducing apparatus, and the control unit 
updates time stamps and stream identifiers of the packs stored in 
the buffer. 

.15 With the above construction, it is possible to generate 

the second audio | stream for idubbing by copying each pack of the 
first audio stream almost as it is. This relieves the optical 
disc recording apparatus of having an audio encoder for generating 
the second audio stream for dubbing. 

20 The above optical disc recording apparatus may further 

comprise: a reading/writing unit for reading a video object from-^ 
the optical disc; a first buffer unit including a first reading.; 
buffer and a first writing buffer, the first reading buffer' 
storing a part of the read video object, and the first writing 

25 buffer storing a part of the read video object which is to be 
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written onto the optical disc; a second buffer unit including a 
second reading buffer and a second writing buffer, the-- second 
reading buffer storing a part of the read video object, and the 
second . writing buffer storing a part of the read video object 
which is to be written onto the optical disc; and a dubbing 
control unit for performing a control so that while the video 
object is either of read and written from/onto the optical disc 
using one of the first buffer unit and the second buffer unit, the 
second audio stream in the part of the video object stored in the 
reading, buffer of the other one of the first buffer unit and the 
second buffer, unit is updated, and the part of the video /object 

t I 

including the updated second audio stream is stored in the writing 



buffer of the other buffer unit, 
sequentially writes the part of 



where the reading/writing unit 
the video object in the first 



writing buffer and the part of the video object in the second 
writing buffer onto the optical disc, where after the 'second audio 
stream is performed dubbing, the dubbing control uni't is capable 
of restoring the second audio stream to a state before the dubbing 
by copying the audio data of the first audio stream to the second 
audio stream. 

With the above construction, the dubbing control unit 
alternately switches the first and second buffer units to 
read/write the optical disc or to perform the dubbing (update the 
second audio stream). This achieves the reproduction and dubbing 
performed in real time. Also, the second audio stream can easily 



be restored to the original state after dubbing is performed on 

the second audio streain). . - 

In the above optical disc recording apparatus, the 
dubbing control unit may instruct the reading/writing unit to read 
a piece of management information corresponding to the video 
object read by the reading /writing unit, updates the read piece of 
management information so that the information indicates that 
dubbing has been performed on the video object, and- instructs the 
reading/Writing unit to write the updated piece of management 
information onto the optical disc. 

With the above construction, it is possible to update 
the management information so that it indicates that dubbing has 
been performed on the dubbed video object. 

The above object is also fulfilled by an optical disc 
recording apparatus for recording one or more video objects onto 
an optical disc, where each of the one or more video objects 
include a video stream, the optical disc recording apparatus 
comprising: an input unit for receiving the video stream; a 
dubbing stream generating unit for generating a dubbing stream 
which is used for dubbing; a multiplexing unit for generating the 
one or more video objects by multiplexing the generated dubbing 
stream and the received video stream into the one or more video 
objects; a management information generating unit for generating 
one or more pieces of management information which respectively 
correspond to the one or more video objects, each of the one or 
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more pieces of management information indicates whether dubbing 
has been performed on the dubbing stream in the corresponding 
video object; and a recording unit for recording the generated one 
or more video objects and the generated one or more pieces of 
5 management information onto the optical disc. 

With the above conatruction, the optical disc recording 
apparatus multiplexes the dubbing stream into the video objects 
beforehand during the first recording onto the optical disc. As 
a result, it is possible to generate an optical disc in which 
10 video objects facilitating the dubbing of audio data or sub- 
picture data are recorded beforehand. Furthermore, it is possible 
for the recording apparatus and the reproducing apparatus to 
manage whether the dubbing stream has been performed dubbing by 
referring to the management information. 
15 The above object is also fulfilled by a method for 

recording one or more video objects onto an optical disc, the 
method comprising: an obtaining step for obtaining a video stream 
and a first audio stream; an audio stream generating step for 
generating a second audio stream having a bit rate with which 
20 audio data corresponding to a reproduction time period of the 
first audio stream is recorded into the second, audio stream; and 
a recording step for generating the one or more video objects by 
multiplexing the generated second audio stream, the obtained video 
stream, and the obtained first audio stream into the one or more 
25 video objects and recording the generated one or more video 
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objects 6nto the optical disc. 

With the above construction, the second audio stream for 
dubbing is multiplexed into the video objects beforehand during 
the first recording onto the optical disc. As a result, it is 
5 possible; to generate an optical disc in which video objects 
facilitating the dubbing are recorded beforehand. It is also 
possible to record the dubbing audio data together with the 
original audio data (the first audio stream) since the first and 
second audio streams are separately recorded. 
10 The above object is also fulfilled by a computer- 

readable storage medium storing a program for recording one or 
more video objects onto an optical disc, the program comprising: 
a program segment for instructing a computer to receive a video 
stream and a first audio stream; a program segment for instructing 
15 ■ the computer to generate a second audio stream having a bit rate 
with which audio data corresponding to a reproduction time period 
of the first audio stream is recorded into the second audio 
stream; a program segment for instructing the computer to generate 
the one or more video objects by multiplexing the generated second 
20 audio stream, the received video stream, and the received first 
audio stream into the one or more video objects; and a program 
segment for instructing the computer to record the generated one 
or more. video objects onto the optical disc. 

With the above construction, a computer executing the 
25 program stored in the storage medium multiplexes the second audio 
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stream for dubbing into the video objects beforehand during the 
first recording onto the optical disc. As a result/ it is 
possible to generate an optical disc in which video objects 
facilitating the dubbing are recorded beforehand. It is also 
possible- to record the dubbina audio data together with the 



original audio data (the first audio stream) since the first and 
second audio streams are separately recorded. 

In the above computer-readable storage medium, the 
generated second audio stream may have | the same audio data as the 
10 first audio stream. 

Also, in the above computer-readable storage medium, the 
received first audio stream may include packs which each have a. 
fixed size, and the audio stream generating program segment may 
instruct the computer to temporarily store packs included in the 
15 received first audio stream into a buffer in sequence, and 
instruct the computer to perform a control so that the packs 
stored in the buffer are output to be included in the second audio 
stream. 

Also, in the above computer-readable storage medium, 
20 each pack may include a time stamp and a stream identifier, the 
time stamp specifying a time at which each pack is output from a 
track buffer of a reproducing apparatus, and the audio stream 
generating program segment instructs the computer to update time 
stamps and stream identifiers of the packs stored in the buffer. 
25 With the above construction, it is possible for the 
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computer executing the program stored in the storage mediuia to 
generate the second audio stream for dubbing by copying each pack 
of the first audio stream almost as it is. 

The above computer-readable storage medium may further 
comprise: a program segment for instructing the computer to, after 
the second audio stream is performed dubbing, restore the second 
audio stream to a state before the dubbing by copying the audio 
data of the first audio stream to the second audio stream. 

With such a construction, the second audio stream can 
easily be restored to the original state after dubbing is 
performed on the second audio stream. 

The above object is also fulfilled by an optical disc 
reproducing apparatus for reproducing an optical disc, where the 
optical disc' includes: a data area in which one or more video 
15 objects are recorded, where a video stream, a first audio stream, 
and a second audio stream are multiplexed into the one or more 
video objects; and a management area for storing one or more 
pieces of management information which respectively correspond to 
the one or more video objects, where the second audio stream has 
20 a bit rate with which audio data corresponding to a reproduction 
time period of the first audio stream is recorded into the second 
audio stream, where each of the one or more pieces of management 
information further indicates one of a first state, a second 
state, a third state, and a fourth state, where the first state 
25 indicates that the second audio stream includes the same audio 
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data as the first audio stream^ the second state indicates that 
the second audio stream includes audio data which has been 
generated from the same source as the first audio stream, the 
third state indicates that audio, data of the second audio stream 
5 is irrelevant to^ audio data of the first audio stream, arid the 
fourth state ind,icates that the second audio stream has been 
performed dubbirlg, the optical disc reproducing apparatus 
comprising: a reading unit for reading a video object and a piece 
of management information corresponding to the video object from 
10 the optical disc; a reproducing unit for reproducing the video 
stream and the first audio stream included in the read video 
object; a control unit for controlling the reproducing unit so 
that, when the piece of management information indicates the fourth 
state, the reproducing unit is allowed to change reproductions of 
15 the first audio stream and the second audio stream in accordance 
with an instruction to change audio streams input from a user, and 
that when the piece of management information indicates either of 
the first state and the second state, the reproducing unit is not 
allowed to change reproductions of the first audio stream and the 
20 second audio streiam even when the instruction is input from the 
user, arid the reproducing unit notifies the user that audio 
streams cannot be changed. 

With the above construction, the control unit controls 
the reproducing unit so that when the optical disc has been 
25 performed dilbbing (third state), the reproducing unit changes 

v.; 



reproductions of the first audio stream and the second, audio 
stream in accordance with an instruction from a user, and that 
when the [dubbing has not been performed on the optical disc (first 
or second state) , it notifies the user that audio streams cannot 
be changed. That is, the optical disc reproducing apparatus 
cautions the user that audio streams cannot be changed since 
dubbing has not been performed yet. The user is notified so for; 
the following reason. If the first audio stream is changed to the 
second audio stream when the dubbing has not been performed on the 
optical disc (first or second state), the user may misunderstand 
the operation thinking that the reproducing apparatus has broken 
down and failed to change the., audio streams since the user will 

hear the same sound. 

The above object is also fulfilled by an optical disc 
reproducing method for reproducing an optical disc, where the 
optical disc includes: a data area in which one or more video 
objects are recorded, where a video stream, a first audio stream, 
and a second audio stream are multiplexed into the one or more 
video objects; and a management area for storing one or more 
pieces of management information which respectively correspond to 
the one or more video objects, where the second audio stream has 
a bit rate with which audio data corresponding to a reproduction 
time period of the first audio stream is recorded into the second 
audio stream, where each of the one or more pieces of management 
information further indicates one of a first state, a second 



state, a third state, and a fourth state, where the first- state 
indicates that the second audio stream includes the same audio 
data as the first audio stream^ the second state indicates that 
the second audio stream includes audio data which has been 
generated from the same source as the first audio stream, the 
third state indicates that audio data of the second audio stream 
is irrelevant to audio data of the first audio stream, and the 
fourth state indicates, that the second audio stream has been 
performed dubbing, the optical disc reproducing method comprising: 
a reading step for reading a video object and a piece of 
management information corresponding to the video object from the 
optical disc; a reproducing step for reproducing the video stream 
and the first audio stream included in the read video object; a 
control step for, when the piece of management information 

indicates the fourth 'state, allowing the reproducing step to 

i 

change reproductions of the first audio stream and the second 
audio stream in accordance with an instruction to change audio 
streams input from a user, and that when the piece of management 
information indicates either of the first state and the second 
state, not allowing the reproducing step to change reproductions 
of the first audio stream and the second audio stream even when 
the instruction is input from the user, and the reproducing step 
notifies the user that audio strecims cannot be changed, 

With A the above construction, the optical disc 

reproducing method cautions the user that audio streams cannot be 

\ 
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changed since dubbing has not been performed yet. The user is 
notified so for the following reason. If the first audio stream 
is changed to the second audio stream when the dubbing has not 
been performed on the optical disc (first or second state), the 
user may misunderstand the operation thinking that the reproducing 
apparatus has broken down and failed to change the audio streams 
since the user will hear the same sound. 

BRIEF DESCRIPTION OF THE DRAWINGS ■ 

These and other objects, advantages and features of the 
invention will become apparent from the following description 
thereof taken in conjunction with the accompanying drawings which 
illustrate a specific embodiment of the invention. In the 
drawings: 

FIG.l shows the appearance and the recording area of a 
DVD-RAM disc which is a recordable optical disc described as an 
embodiment of the present invention; 

FIG. 2 shows the cross-section and surface of a DVD-RAM 
cut at the header of a sector; 

FIG.3A shows the plurality of zone areas provided on a 

DVD-RAM; 

FIG.3B shows a horizontal arrangement of the lead-in 
area, the lead-out area, and the zone area 0-23 that were shown in 
FIG.3A; 

FIG.3C shows logical sector numbers (LSNs) in the volume 



area; 

•I 

.! FIG. 3D shows logical block nximbers (LBNs) in the* volvime 

area; 

FIG. 4 shows a hierarchical relation between zone areas, 
ECC blocks, and sectors; 

FIG. 5 shows directories and AV data and non-AV data 
recorded on a DVD-RZ\M disc; 

FIG.6A shows VOBs which are recorded as AV data files 
"Moviel.VOB*' and "Movie2 . VOB"; 

FIG.6B shows a structure of VOB in which elementary 
streams are multiplexed; 

- FIG. 7 shows boundaries generated in the audio stream #1 
when a partial dubbing is performed on the audio stream #1; 

FIG. 8 shows a data format of the video pack; 

FIG. 9 shows a data format of the audio pack (MPEG 

audio) ; 

FIG. 10 shows a data format of the audio pack (AC-3); 
FIG. 11 shows a data format of the audio pack (linear 

PCM) ; . 

FIG. 12 hierarchically shows the data structure of the 
AV data management file; 

FIG. 13 shows relation between "Cell Start Time,.!' "Cell 
Playback Time," "Cell Start Address," "Cell End Address;" "VOB 
Start Address," "VOB End Address," and VOBs; 

FIG. 14 shows a relationship between several pieces of 
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information indicated by respective values of the "Application 
Flag" oi the "Audiol Attribute" in a VOBI; - 

FIG. 15 shows the construction of an example system using 
the optical disc recording/reproducing apparatus of the present 
embodiment ; 

FIG. 16. is a block diagram showing the construction of 

the DVD recorder 10; 

FIG. 17 shows a remote controller; 

FIG. 18 is a block diagram showing the construction of 
the MPEG decoder 4 shown in FIG. 16; 

FIG. 19 is a block diagram showing the construction of 

the MPEG encoder 2 shown in FIG. 16; 

. FIG. 20 shows the operation executed during the dubbing 

process; 

FIG. 21 shows the construction of the disc access unit 

FIG. 22 is a flowchart showing the process of generating 
packs of the video stream and the audio stream #0 which is 
performed by the system encoder 2e; 

FIG. 23 is a flowchart showing the process of generating 
audio packs of the audio stream #1 for dubbing; 

FIG. 24 is a flowchart of the multiplexing process in 
which, the system encoder 2e multiplexes the video stream and the 
audio streams. #0 and #1 in units of packs; 

FIG. 25 shows the. VOBs output from the system encoder 
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.FIG. 26 Shows the simulation of the video .-decoder 

buffer; 

FIG. 27 shows the dubbing process with the timing when 
the disc access unit 3 performs reading/writing, and with the 
timing when the MPEG encoder 2 rewrites the audio stream #1; 

FIG. 28 shows a VOB which is read and written during the 
time periods shown in IfIG.27; 

FIG. 29 shows the control of the switches 3d and 3e shown 
in FIG. 21 performed by the control unit 1 with the timing shown in 
FIG. 27; 

FIG. 30 shows the construction of the MPEG encoder which 
includes two pairs of an audio encoder and an audio buffer; 

FIG. 31 shows a structure of the VOB in the second 
embodiment in which elementary streams are multiplexed; 

FIG. 32 shows a data format of the sub-picture pack; 

FIG. 33 hierarchically shows the data structure of the 

AV data management file; 

FIG. 34 is a block diagram showing the construction of 

the MPEG encoder 12; and 

FIG. 35 is a block diagram showing the construction of 

'the MPEG decoder 14. 



DESCRIPTION OF THE jPREFERRED EMBODIMENTS 
<First Embodiment > 
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<1 Construction of Optical DisO 

<1-1 Physical Structure of Recordable Optical DisO 

FIG.l shows the appearance and the recording area of a 
DVD-RAM disc which is a recordable optical disc described as an 
embodiment of the present invention. As shown in the figure, the 
DVD-RAM disc has a lead-in area at its innermost peripl>ery and a 
lead-out area at its outermost periphery, with the data area in 
between. 

The lead-in area records the necessary refeirence signals 
for the stabilization of a servo of a recording/reproducing 
apparatus and also records identification signals used to prevent 
confusion with other media. 

The lead-out area records the same type of reference 
signals as the lead-in area. 

The data area, meanwhile, is divided into sectors which 
are the smallest unit by which the DVD-RAM can be accessed. Here, 
the size of each sector is set at 2KB. The data recorded in the 
data area includes file system management inf oirmation, AV data, AV 
data management file, and non-AV data. 

The file system management information includes a 
directory structure of the DVD-RAM disc, positions of the recorded 
files, and information of the state of data area assignment. The 
file system management information is used when files are created, 
written^ . read, or deleted. 

The AV data is recorded in units of files which 



respectively correspond to Video OBjects (VOBs) . Each VOB is 
recorded into the disc by an optical disc recording apparatus in 
one consecutive recording. The contents of the VOBS are, for 
example, a whole or a part of a movie, or a whole or a part of a 
TV program. 

The non-AV data is data other than AV data and is 
recorded in units of files . 

FIG. 2 shows the cross-section and surface of a DVD-RAM 
cut at the header of a sector. As shown in the figure, each 
sector is composed of a pit sequence that is formed in the surface 
of a reflective film, such as a metal film, and an uneven part. 

The pit sequence is composed of 0 . 4pm~l . 87vim pits that - 
are carved into the surface of the DVD-RAM to show the sector 
address. 

The uneven part is composed of a concave part called a 
"groove" and a convex part called a "land". Each groove and land 
has a recording mark composed of a matal film capable of phase 
change attached to its surface. Here, the expression "capable of 
phase change" means that the recording mark can be in a 
crystalline state or a non-crystalline state depending on whether 
the metal film has been exposed to a light beam. Using this phase 
change characteristic, data can be recorded into this uneven part. 
While it is only possible to record diata onto the land part of an 
MO (Magnetic-Optical) 'disc, data can be recorded onto both the 
land an4 the groove parts of a DVD-RAM, meaning that the recording 
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density, of a DVD-RAM exceeds that of an MO disc. 

. Error correction process is performed for each group of 
16 sectors. In the present embodiment, each group of 16 sectors 
that is giveh an ECC (Error Correcting Code) is called an ECC 
block. 

On a DVD-RAM, the data area is divided into a plurality 
of zone areas so that recording/reproducing apparatuses can 
realize rotation control called Z-CLV (Zone-Constant Linear 
Velocity) during recording and reproduction. 

FIG.3A shows the plurality of zone areas provided on a 

DVD-RT^M. 

As shown in the figure, a DVD- RAM is divided into 24 
zone areas numbered zone 0 to zone 23. Each zone area is a group 
of tracks that are accessed using the same angular velocity. In 
this embodiment, . each zone area contains 1888 tracks. The 
rotational angular velocity of the DVD-RAM is set separately for 
each zone area, with this velocity being higher the closer a zone 
area is located to the inner periphery of the disc. This ensures 
that the optical pickup can move at a constant velocity while 
performing access within a single zone area. By doing so, the 
recording density of DVD-RAM is raised, and rotation control is 
made easier during recording and reproduction. 

; FIG. SB shows a horizontal arrangement of the lead-in 
area, the lead-out area, and the zone area 0-23 that were shown in 
FIG.3A. 



The lead-in area and lead-out area each have a DMA 
(Defect Management Area) inside. The DMA records: position 
information showing the positions of sectors found to include 
defects; and replacement position information showing the 
positions of the sectors replacing the defective sectors located 
in a replacement area^ 

Each zone area has a user area on the inside, and the 
replacement area and an unused area are provided at the boundary 
between zone areas . The user area is an area that can be used by 
the file system as a recording area. The replacement area is used 
to replace defective sectors when such defective sectors are 
found. The unused area is an area that is not used for recording 
data. Only about two tracks are assigned as the unused area, with 
such unused area being provided to prevent mistaken identification 
of sector addresses. This is because while sector addresses are 
recorded at a same position in adjacent tracks within the same 
zone, for Z-CLV the sector addresses are recorded at different 
positions in adjacent tracks at the zone boundary. 

In this way, sectors which are not used for data 
recording exist at the boundaries between zone areas. Therefore, 
on a DVD-RAM, logicaj. sector niambers (LSN: Logical Sector Number) 
are assigned to physical sectors of the user area in order 
Starting from the inner periphery to consecutively show only the 
sectors used for recording data. 

As shown in FIG.3C, the area that records user data and 
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is composed, of sectors that have been assigned LSNs is called 
volume area. • 

Also, as shown in FIG. 3D, .in the innermost and outermost 
peripheries of the volume area, volume structure information is 
recorded to be used to deal with the disc as a logical volume. 
The rest of the volume area: except the areas for recording the 
volume structure information is called partition area^ The 
partition area records files. The logical block numbers (LBN: 
Logical Block Number) are assigned to sectors of the partition 
area in order starting from the first sector. Hereinafter, the 
logical block number is also called sector address. 

. FIG. .4 shows a hierarchical relation between zone areas, 
ECC blocks, and sectors. As shown in the drawing, each zone area 
includes a plurality of ECC blocks. It is desirable for recording 
apparatuses that in the optical discs, areas in units of sectors 
are assigned to non-AV data, while areas in units of consecutive 
recording areas are assigned to AV data so that each consecutive 
recording area secures uninterrupted reproduction of the AV data. 
Here, each consecutive recording area is composed of consecutive 
sectors in units of ECC blocks (in other words, each area is an 
integral multiple of an ECC block) and has a predetermined size 
(about .,7MB) or more, each consecutive recording area not 
outstepping the boundary between zones. However, when the AV data 
includes a plurality of extents, the last extent may be smaller 
than the predetermined size. The reason why it is defined that 



each consecutive recording area does not outstep the boundary 
between zones is that an outstepping of the boundary will- change 
the rotation angular velocity of the optical disc, which will 
disturb the uninterrupted reproduction. The reason why-, each 
5 consecutive recording area is an integral multiple of an ECC Islock 
is that the ECC block is: the; niinimum unit dealt with in the ECC 
process. 

<l-2 AV File (VOB) and AV Data Management File> 

FIG. 5 shows directories and AV data and non-AV data 
10 recorded on a DVD-RAM disc. 

In the drawingf ellipses represent directories and 
rectangles represent files. 

The directory "ROOT" includes a directory "RTRW" and two 
non-AV data files: "Filel.DAT" and "File2.DAT." The directory 
15 "RTRW" includes an AV data management file "RTRW.IFO" and a 
plurality of AV data fiiles: "Moviel . VOB, " "Movie2 . VOB, " ... Each 
AV file represents one VOB. The AV data management file is a file 
for recording information used for managing AV files recorded in 
the current directory ("RTRW") or on the optical disc. 
20 <l-2-l Data Structure of VOB> 

: As shown in FIG. 6A, the AV data files "Moviel.VOB, " 

"Movie2*.V0B, " are each recorded into the data area as one 

VOB . 

FIG.6B shows a structure of VOB in which elementary 
25 streams (video streams and audio streams) are multiplexed. 
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As , Shown in the drawing, the VOB 70 includes, video 
stream 12, audio stream 73, and audio stream 74. The audio stream 
74 is used for dubbing. It is desirable that the audio stream 74, 
which! is dedicated to dubbing, has the same bit rate as the audio 
5 stream 73. However, there will be no problem if the audio stream 
74 includes an area in which audio data with the same time period 
as the audio stream 73 can be recorded, even if the audio stream 
74 has a different bit rate from the audio stream 73. 

The video stream 72 is a compressed data sequence with 
10 a variable-length bit rate, encoded in compliance with the MPEG2 
standard. The video stream 72 includes a plurality of GOPs (Group 
Of Pictures) which each include a plurality of pictures. For 
example, as shown in the drawing, the video pictures 71 include 
compressed/encoded pictures which are any of I (Intra) -picture, 
.15 P{ Predictive) -picture, and B (Bidirectionally predictive) -picture 
defined in MPEG2 standard. Also, as indicated by the GOP 71a in 
FIG.6B, each GOP includes at least one I-picture and is a video 
data section corresponding to a reproduction time period of about 
0.5 seconds. This indicates that independent reproduction in 
20 units of about 0.5 seconds is possible. It should be noted here 
that the video pictures 71 in the drawing are shown in the order 
of decoding, not in the order of display. 

The audio stream (#0) 73 is! audio data which should be 
reproduced simultaneously with the video stream. In the DVD-RAM, 
25 any of three types of modes: MPEG audio, AC-3, and linear PCM* can 
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tie used for encoding audio streams. With the MPEG audio or AC-3, 
audio data is compressed; • with, the linear PCM, audio data is not 
compressed. The audio stream (#0) 73 is encoded with any of the 
three encoding modes. 

The audio stream (#1) 74 is an audio stream for dubbing 
and has the same reproduction time period as the audio stream (#0) 
73. It is presvmied that the audio streams #0 and #1 shown in the 
drawing have the same encoding mode, the same bit rate, and the 
-same audio, data. 

! VOB 70 is con5>osed of a plurality of Video OBject Units 

! (VOBUs) arranged in the order of reproduction: VOBU 75a, VOBU 75b, 
VOBU 75c> . . . Each VOBU includes video data corresponding to one 
GOP. Each VOBU includes packs which respectively belong to the 
elementary streams. Each pack has a fixed length (2KB) and 
includes data which is a part of an elementary stream. 

The video packs (V_PCK 72a, V_PCK 72b, . . . ) each include 
data whith is a part of the video stream 72. 

The audio packs (AO_PCK 73a, AO_PCK 73b,...) each 
include data which is a part of the audio stream 73. 

The audio packs (A1_PCK 74a, A1_PCK 74b,...) each 
include data which is ai part of the audio stream 74. In the 
present embodiment, the audio stream #1 has the same encoding 
mode, the same bit rate, and the same audio data as the audio 
stream #0 when the audio stream #1 is first recorded onto the 
disc. Therefore, Ithe audio stress #0 and #1 have the same number 



of packs. 

The audio stream #1 is multiplexed as well as the audio 
stream #0 to secure an area in which audio data for dubbing can be 
recorded. 

5 The above statement is explained more specifically. It 

is desirable that the audio stream (#1) 74 has the same bit rate 
and the same encoding mode as the audio stream #0. This is 
becau3e, with the same bit rate and the same encoding mode, the 
optical disc recording apparatus can generate .the audio streams #1 

10 for dubbing without difficulty by copying the output of one audio 
encoder (the audio stream #0) . This ensures that the audio stream 
#1 has the same audio quality as the audio stream #0. 

Alternatively, the audio stream #1 may have a different 
bit rate from the audio stream #0. In this case, the same audio 

15 quality as the audio stream #0 may not be ensured for the audio 
stream #1. As a result, the optical disc recording apparatus may 
include 'two audio encoders so that the audio stream #1 may store 
the audio data which has the same source as that of the audio 
stream #0. 

20. In any case, the audio stream #1 for dubbing needs to 

include an area in which audio data with the same time period as 

• t ... 

the audio stream #0 can be recorded. With this arrangement, it is 

possible] to ensure facilitating dubbing into the audio stream #1 

•j 

though t^ie audio streams #0 and #1 may be different in the audio 
25 quality due to the difference in the bit rate or the encoding 

*> 
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mode. 

Furthermore/ it is desirable that the audio streams #0 

•I 

and #1 have the same audio data content whether they have the same 
or different encoding mode. The reason fbr this, is as follows. 
DVD recorders or reproducing apparatuses have one audio decoder. 
This makes it impossible for such an apparatus to simultaneously 
reproduce the audio streams #0 and #1. As shown in FIG. 7, the 
decoder should be instructed to change; the reproduction-target 
audio streams at the boundaries between the audio streams #0 and 
#1 (in both directions) when the audio stream #1- is partially 
dubbed. In general, it is difficult to accurately change the 
audio streams at the boundaries since a reproduction-target audio 
stream is specified by a host side, that is, under control of a 
microcomputer. Under such a condition, it is impossible to ensure 
uninterrupted reproduction. Accordingly, it is arranged that the 
audio stream #1 records the same audio data content as the audio 
stream #0. This eliminates the need for switching audio streams 
at the boundaries in partial dubbings, enabling uninterrupted 
reproduction at the- boundaries. 

FIG. 8 shows a data format of the video pack. FIGs.9-11 

j 

show data formats of audio packs. ■ 

In the pVD-R7^, each pack includes one packet. The pack 
is composed of a pack header and a packet. The pack has a fixed 
size of 2KB, which is the same as the sector size in the DVD-RAM. 
The pack header includes a pack start code, a System Clock 
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Reference (SCR), and other data. The SCR is^ a kind of a time 
stamp and indicates a time at which the current pack- passes 
through a demultiplexor of the reproducing apparatus. Here, the 
packs read from the DVD-RAM by the reproducing apparatus is 
5 separated into video and audio packs by the demultiplexer. The 
video data or audio data of each pack is stored in the video 
buffer or audio buffer, and is decompressed (extended) by the 
video decoder or the audio decoder. 

Each packet includes a packet header and a payload 
10 field. The packet header includes a packet start code, a stream 
ID, a DTS, a PTS, and other data. 

The stream ID is an identifier indicating an elementary 
stream which includes the current pack. 

The DTS (Decode Time Stamp) is a kind of time stamp and 
15 indicates a time at which video picture data or audio frame data 
is transferred from the video buffer or audio buffer to a video 
decoder or an audio decoder. The DTS is not attached to (omitted 
in) audio streams since audio streams are decoded and presented at 
the same time . 

20 The PTS (Presentation Time Stamp) is a kind of a time 

stamp and indicates a time at which decoded video data or decoded 
audio data is displayed/output . 

In the present embodiment, the stream ID of the video 
stream is "1110 0000" as shown in FIG. 8. The stream ID of the 

25 audio stream encoded with the MEPG audio is "1100 0000" (in case 
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oif the audio stream #0) or "1100 0001" (in case of the audio 
stream #1), as shown in FIG. 9. As shown in FIGs.lO and .11, the 
stream ID of the audio streams encoded with the AC-3 or the linear 
PCM is "1011 1101" which is equivalent to the private stream 1 

5 defined in the MPEG2 • Furthiermore, either of the AC-3 and the 
linear PCM, and, either of the audio stream #0 and the audio 
stream #1 are identified by the sub-stream ID included in the 
packet payload. 

The audio packs by the AC-3 or the linear PCM include 

10 a sub-stream ID following the packet header. As shown in FIG. 10, 
the sub-stream ID of the audio stream encoded with the AC-3 is 
"1000:0000" (in case of the audio stream #0) or "1000 0001" (in 
case of the audio stream #1). As shown in FIG. 11, the sub-stream 
ID of the audio stream encoded with the linear PCM is "1010 0000" 

15 (in case of the audio stream #0) or "1010 0001" (in case of the 
audio stream #1) . 

As described above, an elementary stream in which the 
current pack is included is identified by the stream ID and the 
sub-stream ID. 

20 <l-2-2 AV Data Management File> 

FIG. 12 hierarchically shows the data structure of the 
AV data management file. 

As shown in the first layer in the drawing, the.AV data 
management file includes a VOB Information (VOBI) table and a PGC 

25 Information (PGCI) table. 
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<i-2-2-l VOBI Table> 

The VOBI table will be explained first. 

As shown in the second layer in FIG. 12, the VOBI table 

includes . information entitled "Nvunber of VOBs, " . "VOBI#l, " .. . 

"VOBI#N." The "Nxunber of VOBs" indicates the number of VOBs 

recorded on the DVD-RAM disc (in the present example, the number 

is N) . The "VOBI#l," ... "VOBI#N" are information of respective 

VOBs recorded on the DVD-RAM disc; 

As shown in the third layer in FIG. 12, each VOBI 
("VOBI#l," "VOBI#N") includes information entitled "AV File 

Name," "VOB ID," "VOB Start Address," "VOB End Address," "VOB 

Playback Time," and "VOB Attribute." The "VOB ID" is an. 

identifier of the VOB. The "VOB Start Address" and "VOB, End 

Address" are represented by sector addresses. 

As shown in the fourth layer in FIG. 12, each "VOB 

Attribute" includes "Video Attribute," "AudioO Attribute," and 
"Audiol Attribute." The "Video Attribute" shows the resolution 
and aspect ratio (ratio of the vertical length to the horizontal 
length of the ..screen) of the video image in the video stream. 

As shown in the fifth layer in FIG. 12, each of the 
"AudioO Attribute" and "Audiol Attribute" includes information 
entitled "Coding Mode," "Application Flag," "Quantization," "Fs, " 
and "Number of Channels." The "Coding Mode" shows an encoding 
mode which is any of the MPEG audio, AC-3, and linear. PCM. The 
"Application Flag" shows the contents of the audio stream. The 



"Quantization" includes information related to the quantization, 
such as a quantization coefficient. The "Fs" shows a s-ampling 
frequency. The "Number of Channels" indicates the number of 
channels included in the audio stream. 

5 The "Application Flag" of the "Audiol Attribute" has at 

least two bits. The value of the -"Application Flag" indicates any 
of "same audio data," "nearly same audio data," "dubbing audio 
data," and "customized audio data." 

The "same audio data" indicates that the audio data of 

10 the audio stream #1 is a copy of the audio data of the audio 
stream #0. That means the audio stream #1 and the audio stream #0 
are the same in every respect, that is, in each of the encoding 
mode, in -the bit rate, and in the audio data for each pack. That 
is, all the packs included in the audio stream #1 in one VOB 

15 correspond to the packs included in the audio stream #0 on a one- 
to-one basis. Also, each pack in the audio stream #1 has the same 
audio data as the audio data included in the corresponding pack in 
the audio stream #0. 

The "nearly^ same audio data" indicates that the audio 

20 data of the audio stream #1 is not a copy of the audio data of the 
audio stream #0, but the source is the same. 

The "dubbing audio data" indicates that the audio data 
of the audio stream #1 is a dubbing. In this case, the value of 
the "Application Flag" may indicate any of "same audio data," 

25 "nearly same audio data, ". and "customized audio data" before the 
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dubbing is performed. 

The "customized audio data" indicates that the audio 
data of the audio stream #1 is irrelevant to that of the audio 
stream #0. For example^ the information indicates so when the 
audio data of the audio stream #1 is soundless data or audio data 
which is totally different from that of the audio stream #0. 

It should be noted here that in the present embodiment, 
the values prepared for the "Application Flag" of the "AudioO 
Attribute" are the same as those of the "Audiol Attribute." 
However,: the values of the "Application Flags" of the "AudioO 
Attribute" and "Audiol Attribute" may not necessarily be the same. 
The values may always be set to "customized audio data" or may be 
different. 

<l-2-2-2 PGCI Table> 

Now, the PGCI table will be explained. 

As shown in the second layer shown in FIG. 12, the PGCI 
table includes information entitled "Number of PGCs," "PGCI#1," 
... "PGCI#M." The "Number of PGCs" indicates the number of PGCs 
recorded on the DVD-RAM disc (in the present example, the number 
is M) . Here, a"PGC" is a logically linked sequence of arbitrary 
sections in arbitrary VOBs containing AV data, or is a playback 
route of the logically linked sequence of AV data. Also, the "PGC 
information" is information indicating the logical • linkage 
relation (playback route) between arbitrary sections in arbitrary 
VOBs. When a VOB is newly recorded, a PGCI. of a PGC which is a 
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simple sequence of sections in the VOB in the order is added to 
the PGCI table. The PGCI can be defined (edited) by the -"user as 
a logically linked sequence of arbitrary sections in arbitrary 
VOBs containing AV data, or is a, playback route of the logically 
linked sequence of AV data. 

As shown in the third layer in FIG. 12, each PGCI 
{"PGCI#1," . . J "PGCXm") includes information entitled "Number of 
cells" and "Cell 1," ... "Cell J." Here, one "cell" is an 
arbitraijy section in an arbitrary VOB which can be specified by 
the user. Now, suppose the "Nuiriber of Cells" in the PGCIttM is J, 
then the "PGCI#M" indicates a logical sequence of sections 
containing AV data shown by "Cell 1," ... "Cell J." 

As shown in the fourth layer in FIG. 12, each of the 
"Cell 1," ... "Cell J" includes information entitled "VOB ID," 
"Cell Start Time," "Cell Playback Time," "Cell Start Address," 
"Cell End Address," and "Audio Flag." 

The pair of the "Cell Start Time" C_ST) and "Cell 
Playback Time" C_PT) specifies a section {a cell) in the VOB 
specified by the "VOB ID." As shown in FIG. 13, the "Cell Start 
Time" C_ST) indicates the start of the section using a PTS in the 
VOB. The end of the section is obtained by adding the C_PT to the 
C_ST . 

The pair of the "Cell Start Address" and "Cell End 
.Address" specifies a section (a cell) in the VOB specified by the 
"VOB ID." As shown in FIG, 13, the "Cell Start Address" C_SA) and 
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"pell End Address" C_^EA) are within a range of the "VOB Start 
Address" {V_SA) to the "VOB End Address" (V_EA) . When a' VOB is 
newly recorded, a PGCI of a PGC which is a cell including all 
sections of the VOB is added to the PGCI table. 

The "Audio Flag" specifies an audio stream which should 
be reproduced when the cell is reproduced. That is, the "Audio 
Flag" indicates the audio stream #0 when the flag has value "0, " 
and indicates the- audio stream #1 when it has value "1." 

In the present embodiment, a cell is a section in a VOB 
specified by both a pair of a C_ST and a C_PT and a pair of a C_SA 
and a C_EA, as shown in FIG. 13. However, a cell may be a section 
in a VOB specified by either of the pair of a C_ST and a C_PT and 
the pair of a C_SA and a C_EA. 
<l-2-2-3 Application Flag> 

FIG. 14 shows a relationship between several pieces of 
information indicated by respective values of the "Application 
Flag" of the "Audiol Attribute" in a VOBI shown in j*IG.12. 

As shown in the solid lines in the drawing, a partial 
or a whole dubbing can be performed on the audio stream #1 when 
the "Application Flag" is "same audio data" or "nearly same audio 
data." After the dubbing is complete, the "Application Flag" 
changes to a value indicating "dubbing audio data." It is 
possible to regard "dubbing audio data" as "customized audio 
data." 

As shown in the dotted lines, in FIG. 14, when the 
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original , application flag of the audio stream #1 is "same audio 
data," that is, the audio data of the audio stream #0 is copied to 
the apdio stream #1 when the audio stream #1 is first recorded 
onto the disc, the audio data of the audio stream #0 can be copied 
to the audio stream #1 even after the dubbing is performed on the 
audio stream #1. After this is done, the application flag of the 
audio* stream #1 indicates "same audio data" again. 

: • It is possible to perform a whole dubbing on the audio 
stream #1 even if the application flag indicates "customized audio 
data." After the dubbing is performed, the application flag 
indicates "dubbing audio data." 

<2 Optical Disc Recording/Reproducing Apparatus> 

The optical disc recording/ reproducing apparatus in the 
present embodiment is described below with reference to the 
drawings . 

<2-l . System Using Optical Disc Recording/Reproducing Apparatus> 
FIG. 15 shows the construction of an example system using 
the optical disc recording/reproducing apparatus o|. the present 

, . ■ ■ i 

embodiment . 

The system includes an opt'ical disc 
recording/reproducing apparatus 10 (hereinafter DVD recorder 10), 
a remote controller 6 for operating the DVD recorder 10, an 
antenna 11, and a display 12, where the antenna 11 and display 12 
are connected to the DVD recorder 10. 

After the DVD-RAM disc, which is an optical disc and has 
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been described earlier, is loaded, the DVD recorder 10 compresses 

the video/audio data which isjincluded in the analog broadcasting 

waves which is received thitough the antenna 11, records the 

compressed data as AV files -into the DVD-RAM disc, expands the 

compressed video/audio data, and outputs the expanded video/audio 

signals onto the display 12 . 
• t 

<2-2 Construction of DVD Recorder 10> 

FIG. 16 is a block diagram showing the construction of 
the DVD recorder 10. The DVD recorder 10 includes a control unit 
1, an MPEG encoder 2, a disc access unit 3, an MPEG decoder 4, a 
video signal processing unit .5, a remote controller 6, a bus 7, a 
remote controller signal receiving unit 8, and a receiver 9. 

The control unit 1 includes a CPU la, a processor bus 
lb, a bus interface Ic, and a main memory Id. The control unit 1 
executes a program stored in the main memory Id to control the 
entire DVD recorder 10 in terms of recording, reproducing, 
editing, etc. Especially, after an AV file (VOB) including AV 
data is recorded, the control unit 1 generates VOB information and 
PGC information corresponding to the recorded VOB, and records or 
updates the AV data management file. Also, when the AV data is 
reproduced, the control unit 1 controls the reproduction of the 
section specified by information "Cell" included in the PGC 
information in the AV data management file shown in FIG. 12. 

The MPEG encoder 2 compresses the video/audio data which 
is included in the analog broadcasting waves received by the 
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receiver 9 through the antenna 11 and generates MPEG streams. 

The disc access unit 3, having track buffers 3a, 
performs the following under the control of the^ control unit 1: 
records the MPEG stream received from the MPEG encoder 2 into the 
5 DVD-RAM disc via one track buffer 3a, reads out the MPEG stream 
from the; DVD-RAM disc, and outputs the read MPEG stream to the 
MPEG decoder 4 via one track buffer 3a. During the dubbing 
process, the disc access unit 3 performs the recording and 
reproducing in parallel using a plurality of track buffers 3a. 
10 The MPEG decoder 4 expands the compressed MPEG stream 

which is read out by the disc access unit 3, and outputs the 
expanded video data and audio signals. 

The video signal processing unit 5 converts the video 
data output from the MPEG decoder 4 into video signals for the 
15 display 12. 

The remote controller signal receiving unit 8 receives 
remote controller signals from the remote controller 6 shown in 
FIG. 17 and informs the control unit 1 of which operation the user 
has instructed. 

20 The DVD recorder 10 is, as shown in FIG. 15, constructed 

based on the premise that it is used as a replacement for a VTR 
used at home. Not limited to the construction, when the DVD-RAM 
disc is to be used as a recording medium for computers,, the 
following constructions are possible. That is to say, the disc 

25 access unit 3 is connected, as a DVD-RAM drive apparatus, to a 
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eomputer bus via an IF called SCSI or IDE. Also, the components 
other than the disc access unit 3 shown in FIG. 3 are achieved or 
operated when the OS and the application program are executed on 
the computer hardware. 

, AlsO/ the. DVD recorder 10 may be achieved as a camcorder 
(a recorder comprising a camera) . In this case, the DVD recorder 
10 includes a camera and a microphone instead of the receiver 9. 
<2~2-l MPEG Decoder 4> 

FIG. 18 is a block diagram showing the construction of 
the MPEG decoder 4 shown in FIG. 16. As shown in FIG. 18, the MPEG 
decoder 4 includes a demultiplexer 4a for dividing MPEG streams 
into video streams and audio streams, a video buffer 4b for 
temporarily storing the divided video streams, a video decoder 4c 
for decoding the video streams stored in the video buffer, 4b, an 
audio buffer 4d for temporarily storing the divided audio streams, 
an audio decoder 4e for decoding the audio streams stored in the 
audio buffer 4d, and an STC (System Time Clock) unit 4f for 
generating an STC which shows a reference time used in the MPEG 
decoder 4 . 

The demultiplexer 4a divides an MPEG stream into a video 
stream and an audio stream. The demultiplexer 4a outputs the 
divided video stream to the video buffer 4b, and the divided audio 
stream to the audio buffer 4d. In doing so, the demultiplexer 4a 
selects either of the audio stream #0 and the audio stream #1 as 
the divided audio stream in accordance with a specification by the 



control unit 1 of an audio stream to be reproduced. The other, one 
of the audio streams, not specified by the control unit 1, is 
discarded. 

The above process will be described more specifically. 
The demultiplexer 4a analyzes the pack header and the packet 
header of each pack included in the input MPEG stream. The 
demultiplexer 4a then refers to the stream ID and the sub-stream 
ID to identify the stream of each pack which is any of the video 
stream, the audio stream #0, or the audio stream #1 for dubbing. 

\ The demultiplexer 4a discards packs when it. finds the . 

packs belong to an audio stream which is not specified by the 
control unit 1 as an audio stream to be reproduced. 

When finding a pack which belongs to an audio stream 

specified by the control unit 1, the demultiplexer 4a outputs the 

i 

audio data stored in the paylead field of the packet of the pack 
to the audio buffer 4e with the timing when the STC matches the 
SCR of the pack. At the same time, the demultiplexer 4a outputs 
the PTS attached to the packet to the audio decoder 4e. 

When finding a pack which belongs to the video stream, 
the demultiplexer 4a outputs the video data stored in the paylead 
field of the packet of the pack to the video buffer 4b with the 
timing when the STC matches the SCR of the pack. At the same 
time, the demultiplexer 4a outputs the DTS and PTS assigned to the 
packet to the video, decoder. 

The data stored in the paylead field of each pack is 
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input to the video buffer 4b or the audio buffer 4d at the time 
indicated by the SCR. The data stored in the video buff ex 4b or 
the audio buffer. 4d is fetched from the buffer at the time 
indicate^ by the DTS. 
5 <2-2-2 * MPEG Encoder 2> 

FIG, 19 is a block diagram showing the construction of 
the MPEG encoder 2 shown in FIG. 16. As shown in FIG. 19, the MPEG 
encoder 2 includes a video encoder 2a, a video buffer 2b, an audio 
encoder 2c, an audio buffer 2d, a system encoder 2e, an STC 
10 (System Time Clock) unit 2f, an encoder control unit 2g, and a 
dubbing unit 2h. , 

The video encoder 2a compresses the video signals 
received via the receiver 9 and generates a video stream. 

The video buffer 2b temporarily stores the video stream 
15 output from the video encoder 2a. 

The audio encoder 2c compresses the audio signals 
received via the receiver 9 and generates an audio stream, during 
the recording process. The audio encoder 2c compresses another 
audio source to generate an audio stream, during the dubbing 
20 process. The other audio source is, for example, an audio signal 
input through a microphone, or an audio signal which is a mixture 
of an audio signal input through a microphone and a decoded audio 
stream #0. 

T^ie audio buff er ' 2d temporarily stores the audio stream 
25 output from the audio encoder . 
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The system encoder 2e, including an Aljpack buffer 2el: 

(a) generates packs of the video stream and the audio stream #0, 

(b) generates audio packs of the audio stream #1 for dubbing^ and 

(c) performs multiplexing. 

In the above (a) process / the system encoder 2e fetches 
the video stream and the audio stream #0 respectively from the 
video buffer 2b and the audio buffer 2d and sequentially generates 
video packs (V_PACKs) and audio packs (AO^PACKs) . In the above- 
(b) process, the system encoder 2e generates audio packs 
(Al_PACKs) of the audio stream #1. In this process, the system 
encoder 2e generates Al_PACKs by copying the AO_PACKs of the audio 
stream #0 into the Al_pack buffer 2el, and rewriting a part of the 
pack header and the packet header. In the multiplexing in the 
above (c) process, the system encoder 2e sequentially outputs the 
V_PACK, AO_PACK, and Al_PACK one by one in the order indicated by 
the SCR. By repeating this, the system encoder 2e outputs these 
packs as VOB to the disc access unit. 3. 

FIG. 25 shows the VOBs output from the system encoder 2e. 
In the drawing, "V" represents a video pack (V_PACK) , "A#0" an 
audio pack of the . audio stream #0 (AO_PACK) , "A#l" an audio pack 
of the audio stream #1 (Al_PACK) . Each pair of the A1_PACK and 
the AO_PACK corresponding to each other have the same audio data, 
but has different stream IDs (or sub-stream IDs) and different 
SCRs. The SCR of the Al_PACK of a pair is equal to the SCR of the 
AO_PACK of the pair plus a predetermined value or , so that they are 



multiplexed to be located at adjacent or near places in the VOB. 

The STC unit 2f generates an STC which shows a reference 
time used in the encoder 2. 

The dubbing unit 2h^ after a VOB read from the DVD-RTUyi 

5 disc is input from the disc access unit 3 during the dubbing 
process, replaces the audio data stored in the payload field of 
the Al_PACKs in the VOB with new audio data fetched from the audio 
buffer 2d, then outputs the VOB to the disc access unit 3 as a VOB 
after dubbing. FIG. 20 shows the operation executed during the 

10 dubbing process. The drawing shows that the VOB is the same 
before and after the dubbing except that the Al_PACKs change to 
Al'_PACKs. That is, while the VOB read from the DVD-RAM disc is 
reproduced by the MPEG decoder 4, the dubbing unit 2h sequentially 
stores the packs of the VOB before dubbing into the buffer 2hl 

15 then replaces the audio data of only the Al_PACKs among the stored 
packs with other data. 

The. disc access unit 3, having track buffers 3a, 
performs the following under the control of the control unit 1: 
records the MPEG stream received from the MPEG encoder 2 into the 

20 DVD-RAM disc via one track buffer 3a, reads out the MPEG stream 
from the DVD-RAM disc, and outputs the read MPEG stream to the 
MPEG decoder 4 via one track buffer 3a. During the dubbing 
process, the disc access unit 3 performs the recording and 
reproducing in parallel using a plurality of track buffers 3a. 

25 <2-2-3 Disc Access Unit 3> 
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FIG. 21 shows the construction of the disc access unit 
3 shown in FIG.16i The disc access unit 3 includes track -buff ers 
3al to 3a4, an optical pickup 3b, an ECC (Error Correcting Code) 
processing unit 3c, and switches 3d and 3e. 
5 The track buffers 3al and 3a3 are used for reading data 

from the disc and the track buffers 3a2 and 3a4 are used for 
writing onto the disc. 

The ECC processing unit 3c performs the ECC process on 
the data read through the optical pickup 3b in units of 16 sectors 
10 (in an ECC block unit) when data on the disc is reproduced. The 
ECC processing unit 3c performs the ECC process on the data input 
though the switch 3d in an ECC block unit when data is written 
onto the disc. 

I The switch 3d connects the ECC processing unit 3c to the 

■f 

15 track buffer 3al or 3a3 so that the read data is stored in the 
buffer when data on the disc is reproduced, connects the ECC 
processing unit 3c to the track buffer 3a2 or 3a4 when data is 
written onto the disc, and connects the ECC processing unit 3c to 
any of the track buffers 3al to 3a4 in sequence so that the 

20 reproducing and writing are performed in real time when the 
dubbing process is executed. 

The switch 3e connects the track buffer 3al or 3a3 to 
the MPEG decoder 4 when data on the disc is reproduced, connects 
the track buffer 3a2 or 3a4 to the MPEG encoder 2 when data is 

25 written onto the disc. When the dubbing process is executed, the 

. . 48 



•switch 3e connects alternately the track buffer 3al and 3a3* to the 
MPEG deboder 4 and connects alternately the track buffer -'3a2 and 
3a4 to the MPEG encoder 2. 

Since the switches 3d and 3e operates as described 
above, the reading from the optical disc or the writing onto the 
disc can be performed in parallel with the rewriting of the audio 
stream #1 performed by the MPEG encoder 2. For example, the 
reading data from the optical disc and storing the read data into 
;the track buffer 3a3 can be performed in parallel with the 
^updating the audio stream #1 stored in the track buffer 3al and 

y. - 

^Storing the updated audio stream into the track buffer 3a2 . This 

^)makes it possible to perform the dubbing in real time while the 

A 

5disc is reproduced ♦ 

.<2-3 Writing> 

When the user presses RECORD key on the remote 
controller 6, the control unit 1 is notified of it via the remote 
controller signal receiving unit 8 and the bus 7 shown in 
FIG. 16. 

After receiving the above notification, the control unit 
1 instructs, the MPEG encoder 2 to compress the video/audio signal 
included in the analog broadcasting wave the receiver 9 has 
received. The control unit 1 then instructs the disc access unit 
3 to write the VOBs obtained by the compression onto the optical 
disc. 

With the above control, the MPEG encoder 2 shown in 



•FIG. 19 outputs the video stream compressed by the video encoder 2a 
to the video buffer 2b and outputs the audio stream #0 compressed 
by the audio encoder 2c to the audio buffer 2d, in sequence. 

The system encoder 2e generates the audio stream #1 
while fetching the video stream and the audio stream #0 
respectively from the video buffer 2b and the audio buffer 2d, and 
multiplexes the three stream into VOBs and outputs the VOBs to the 
disc access unit 3 via the bus 7. 

More specifically, the system encoder 2e: (a) generates 
packs of the video stream and the audio stream #0, (b) generates 
audio packs of the audio stream #1, and (c) performs multiplexing, 
as described earlier. 
<2-3-l Generating Video Packs> 

FIG. 22 is a flowchart showing the process of generating 
packs of the video stream and the audio streams #0 and #1, the 
process being performed by the system encoder 2e. 

The system encoder 2e, the instant when the video 
encoder 2a starts encoding, performs simulations of the amount of 
the video data and audio data respectively occupying the video 
decoder buffer (equivalent to the video buffer 4b shown in FIG. 18) 
of a reproducing apparatus and the audio decoder buffer 
(equivalent to the audio buffer 4d shown in FIG. 18) of the 
reproducing apparatus (step 221) . The data stored in the payload 
field of each video pack is input to the video decoder buffer of 
the reproducing apparatus at the time indicated by the SCR. The 



data is fetched from the video decoder buffer at the time 
indicated by the DTS. The capacity of the video decoder" buffer 
has a limit (224KB according to the standard) . Therefore, when 
.the SCR of the pack is defined regardless of the video decoder 
buffer capacity / the buffer may overflow. The simulation is 
performed in the step 221 to check the change in the amount of the 
video data and audio data .respectively occupying the video decoder 
buffer (equivalent to the video buffer 4b sfhown in FIG,18) of a 
reproducing apparatus and the audio decoder buffer (equivalent to 
the audio buffer 4d shown in FIG. 18) of the reproducing apparatus, 
in accordance with changes in the SCR and DTS of the pack. 

FIG. 26 shows the simulation of the video decoder buffer. 
In the drawing, the horizontal axis represents time, and the 
[ vertical axis the amount of video data occupying the video decoder 
i buffer, TO the time when the video decoder buffer starts receiving 
data, and Vin (the inclination of the graph) the data input bit 
rate. Also, T2 and T4-T6 each represent the times when data is 
fetched from the video decoder buffer. The drawing is written 
based on the presxHtiption that data transfer from the video decoder 
buffer to the decoder is performed instantaneously. 

The time Tl indicates the time when a certain amount of 
data fetched from the buffer at time T4 started being input to the. 
buffer. Similarly, time T3. indicates the time when a certain 
amount of data fetched from the buffer at time T5 started being 
input to the buffer. The time period between the input and output 



of a certain amount of data to/from the video decoder buffer is 
called VBV delay, • 

The simulation of occupation of the audio decoder buffer 
by audio data is similar to the .simulation of the video decoder 
5 buffer shown in FIG. 26. However, the audio stream has far smaller 
amount of data (bit rate) than the video stream. Also, the 
capacity of the audio decoder buffer (4KB according to the 
standard) is smaller than that of the video decoder buffer. 

The system encoder 2e determines a pack of which of 

10 video data and audio data should be generated, in accordance with 
the amount of data stored in the video buffer 2b and the audio 
buffer 2d (step 222) . 

When determining as video data in step 222, the system 
encoder 2e fetches a predetermined amount of video data 

15 (equivalent to the size of the payload field of the video packet) 
from the video buffer 2b (step 223), and attaches the packet 
header and the pack header to the fetched video data (step 224) . 

When determining as audio data in step 222, the system 
encoder 2e fetches a predetermined amount of audio data 

20 (equivalent to the size of the payload field of the audio packet) 
from the audio buffer 2d (step 225), and attaches the packet 
header and the pack header to the fetched audio data (step 226) . 
A pack for the audio stream #1 for dubbing is then generated from 
the pack for the audio stream #0. That is, the pack for the audio 

25 Stream #1 is generated by copying the pack for the audio stream #0 
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'(step 227) . . 

The system encoder 2e stores the generated pack in a 
video or audio .pack buffer (not illustrated) in itself (step 229). 
When an end instruction is not detected, control returns to the 
step 221 (step 230) - The generated video/audio packs are stored 
in the video/audio pack buffers until, they are fetched in the 
multiplexing process. 

By repeating the above steps 221 to 230, the system 
encoder 2e sequentially generates the video/audio packs for the 
video stream, the audio stream #0, and the audio stream #1 
respectively stored in the video buffer 2b and audio buffer 2d. 
<2-3-2 Generating Packs of Audio Stream #1> 

FIG. 23 is a flowchart showing the process of generating 
audio packs of the audio stream #1 for dubbing. That is, the 
drawing shows a detailed process of step 227 shown in FIG. 22. 

When a newly created A0_PACK is stored in a pack buffer 
(not illustrated) (step 231), the system encoder 2e copies the 
A0_PACK to the^ Al_pack buffer 2el (step 232). 

The system encoder 2e then changes the audio stream 
niamber specified by the stream ID or sub-stream ID in the AO_PACK 
stored in the Al_pack buffer 2el from #0 to #1, and changes the 
value of a copy/original flag from "0" to "1" (step 234) . The 
system encoder 2e changes the value of the SCR so that the A1_PACK 
is locatfed immediately after or near the AO_PACK in a VOB (step 
235) . 



Audio packs of the audio stream #1 are generated as 
de;scribed above.;! ^The generated Al_PACKs are stored in the-'Al_pack 
buffer 2el until^ -they are fetched in the it^ultiplexing process. 

The SCR value is changed as described above due to the 
following reason. If there are two packs having the same SCR, the 
reproducing apparatus outputs the two packs at the same time to 
the demultiplexer located before the audio decoder buffer. This 
may cause an abnormal operation of the demultiplexer. 
<2-3-3 Multiplexing> 

FIG. 24 is a flowchart of the multiplexing process in 
which the system encoder 2e multiplexes the video stream and the 
audio streams #0 and #1 in units of packs. 

The system encoder 2e performs the multiplexing process 
as follows, in parallel with the generation of the video pack, 
AO_PACK, and A1_PACK shown in FIGs.22 and 23. 

The system encoder 2e judges whether one or more packs 
are stored in any of the video pack buffer, audio pack buffer, and 
the Al_pack buffer (step 241) . When having judged that one or 
more packs are stored, the system encoder 2e reads the SCRs of the 
packs and detects a pack having the SCR with the earliest time 
(step 242). The system encoder 2e outputs the detected pack and 
deletes, 'the pack from the buffer (step 243) . By repeating these 
steps, the video packs, AO__packs, and Al_packs are multiplexed 
into one VOB in the order of time indicated by the SCR as a 
sequence of packs. 
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After one VOB is written onto the disc^ the control unit 
1 newly generates the VOB information and the PGC information 
shown in FIG. 12 and adds the generated information to the AV data 
management file. In the • newly generated VOB information, the 
aj>plication flag of the audio stream #1 for dubbing is set to 
"same audio data." The application flag of the audio stream #0 is 
set to the same value as the audio stream #1. The newly generated 
PGC infoannation includes a cell having a playback section ranging 
from the start to the end of the newly written VOB. The audio 
flaig included in the cell specifies "audio stream #0." 
<2~4 Dubbing> 

When the user presses DUBBING key on the remote 
controller 6 after specifying PGC/ the control unit 1 is notified 
of it via the remote controller signal receiving unit 8 and the 
bus 7 shown in FIG. 16. 

After receiving the above notification, the control unit 
1 reads the PGC infoinnation and the VOB information from the AV 
data management file, and determines a VOB to be dubbed. 

The ^control unit 1 controls the disc access unit 3 and 
the MPEG decoder 4 to read the determined VOB from the optical 
disc and reproduce it. In parallel with this, the control unit 1 
controls the MPEG encoder 2 and the disc access unit 3 to modify 
only the audio stream #1 in the VOB read by the disc access unit 
3 and to write the modified VOB onto the optical disc. 

FIG. 27 shows the dubbing process with the timing when 



the disc access unit 3 performs reading/writing, and with the 
timing when the MPEG encoder 2 rewrites the audio stream #1. 
FIG. 29 shows the control of the switches 3d and 3e shown in FIG-21 
performed by the control unit 1 with the timing shown in FIG. 27. 

In FIG. 27, TBI to TB4 respectively represent the track 
buffers 3al to 3a4 in the disc access unit 3 shown in FIG. 21. The 
horizontal axis represents time, and the vertical axis the amount 
of data occupying each track buffer. 

Tl, T2, T4, and'T6 respectively represent the time 
periods during which VOBs before dubbing are read from the optical 
disc and stored into TBI, TB3, TBI, and TB3 via the switch 3d. 
T3, T5, T7, and T8 respectively represent the time periods during 
which VOBs after dubbing are fetched from TB2, TB4, TB2, and TB4 
and written onto the optical disc via the switch 3d. 

FIG. 28 shows a VOB which is read and written during the 
time periods shown in FIG. 27. For example, a section (A) of the 
VOB before dubbing is read during Tl and the section (A) after 
dubbing is written onto the disc during T3. 

In FIG. 27, Ta and Tc respectively represent the time 
periods during which VOBs stored in TBI are dubbed and stored into 
TB2. During these time periods, the dubbing unit 2h of the MPEG 
encoder 2 replaces the audio data stored in the payload field of 
each pack of the audio stream #1 with new audio data. 

Tb and Td respectively represent the time periods during 
which VOBs stored in TB3 are dubbed and stored into TB4 . 
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As shown in FIG. 27, there is no gap between the time 
periods Ta, Tb, Tc, and Td.' That is, these time periods are 
successive. This is :achieved by the control performed by the 
control unit 1 in which the control unit 1 alternately connects 
two pairs of TBs (a pair of TBI and TB2 and a pair of TB3 and TB4) 
to the MPEG encoder 2 for each Ta, Tb, Tc, and Td so that the 
dubbing is performed, and at the same time,, uses the other pair of 
TBs (the pair which is not used in the dubbing) to read/write, data 
from/onto .the optical disc. This enables the dubbing unit 2h of 
t]fie MPEG encoder 2 to perform the dubbing consecutively in real 
time . 

It is also possible to perform a partial dubbing by 
instructing the ON/OFF of the dubbing operation using the remote 
controller during the dubbing process. This is explained in 
detail. When receiving an instruction to execute the dubbing (ON) 
from the remote controller signal receiving unit 8 via the bus 7, 
the control unit 1 instructs the dubbing unit 2h of the MPEG 
encoder 2 to replace the audio data stored in the payload field of 
the current audio pack of the audio stream #1 with new audio data; 
when reizreiving an instruction to pause the dubbing (OFF) , the 
control unit 1 instructs the dubbing unit 2h to pause replacing 
data. 

It is also possible to return the dubbed audio stream 
#1 to the state before dubbing. To achieve this, the dubbing unit 
2h writes the audio data stored in the payload field of each pack 



of the audio stream #0 over that of the audio stream #1. 

Each time, a VOB included in a PGC is dubbed^ the ' control 

unit 1 updates the application fl^g of the audio streams #1 of the 

i 

corresponding VOB information to "dubbing audio data, " without 
updating the application flag of the audio streams #0. The reason 
for not changing the application flag of the audio streams #0 is 
as follows. Even after the audio stream #1 is dubbed, it is 
possible to return the dubbed audio stream #1 to the state before 
dubbing without encoding when the application flag of the audio 
streams #0 is "same audio data, " or without re-encoding the 
decoded audio signal when the application flag of the audio 
streams #0 is "nearly same audio data." This arrangement is 
useful for the user. For example, when the user has failed to 
perform dubbing, the user can judge whether the dubbed audio 
stream #1 can be returned to the state before dubbing by referring 
to the application flag of the audio stream #0, and if it can, the 
user can perform the dubbing again after returning the dubbed 
audio stream #1 to the state before dubbing. 
<2-5 Reproduction Process> 

When the user presses PLAY key on the remote controller 
6, the control unit 1 is notified of it via the remote controller 
signal receiving unit 8 and the bus 7 shown in FI<3.16. After 
receiving this notification, the control unit 1 determines a VOB 
by reading out the PGC information and the VOB information from 
the AV data management file. In doing so, the control unit 1 also 
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•determines which of the audio streams #0 and #1 should be 
.reproduced by referring to the audio flag included in 'the PGC 
information, and notifies the MPEG decoder 4 of the determination 
result. ; 

The control unit 1 controls the disc access unit 3 and 
the MPEG decoder 4 to read the determined VOB from the optical 
disc and reproduce it. 

With the above operation, the PGC specified by the user 
is reproduced. 

When the user instructs the change of the audio streams 
operating the remote controller 6 and when the application flag of 
the audio stream #1 indicates "same audio data" or "nearly same 
audio data, " the control unit 1 does not change the audio streams 
and instructs the video signal processing unit 5 to temporarily 
add guidance information to the video signal to show the user that 
the change of the audio stream is not available. This is because 
the user instructs the change expecting a different audio, while 
the same audio will be reproduced with the application flag 
indicating "same audio data" or "nearly same audio data" even if 
the audio stream is switched from #0 to #1, and in this case the 
user may misunderstand the operation to think that the DVD 
recorder has broken down and failed to change the audio streams. 

When the user instructs the change of the audio streams 
operating the remote controller 6 and when the application flag of 
the audio stream #1 indicates "dubbing audio data" or "customized 



audio data^" the control unit 1 instructs the MPEG decoder 4 to 
change the audio stream from #0 to #!• 

As apparent from the above description, the VOBs 
r<ecorded onto the optical disc DVD-RAM of the present embodiment 
each have a predetermined amount of space that can store data for 
dubbing. This enables the audio data to be dubbed in VOBs without 
re-encoding or re-locating the VOBs. 

In the present embodiment, the dubbing can be performed 
without difficulty only by replacing audio data in the packs with 
other data since the above predetermined amount of space is 
achieved as an audio stream. 

In the present embodiment, the recorder can perform the 
dubbing without difficulty since the same audio data as the audio 
stream #0 which is original is. recorded in the audio stream #1 for 
dubbing . 

. The recorder can generate the audio stream for dubbing 
without xlifficulty when the same encoding mode and the same bit 

rate are assigned to both the audio streams #0 and #1. In this 

I. 

case,' the recorder achieves this only by copying packs of the 
audio, stream #0 and changing a part of the packs (the SCRs, and 
stream IDs or the sub-stream IDs) when recording the VOBs onto the 
disc. 

The optical disc of the present invention can be 
achieved as an optical disc for Karaoke in which the audio stream 
#0 as original audio data and the audio stream #1 for dubbing are 
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Multiplexed into the VOBs. With this construction, the sound 
input through a microphone can be niixed into the original audio 
data recorded in the audio stream for dubbing. Also, a partial 
dubbing or a. whole dubbing can be repeated. 

in the present embodiment, each VOB includes two audio 
streams. However, only an audio stream for dubbing may be 
included in each VOB when there is no original audio stream. In 
such a case, soundless data may be recorded into the audio stream 
for dubbing, for example. 

In the present embodiment, the audio stream #1 for 
dubbing is generated by copying the audio streeim #0. However, the 
audio stream #1 for dubbing may be generated as a different stream 
(e.g., a stream other than the audio stream, or an audio stream 
storing soundless data) . 

The audio stream #1 may be recorded with a different 

encoding mode or a different sampling frequency from the audio 

stream #0 in the present embodiment. This is achieved by allowing 
* 

the MPEG encoder to include two pairs of. an audio encoder and an 
audio buffer. FIG. 30 shows the construction of the MPEG encoder. 
Compared to the construction shown in FIG. 19, the present 
construction additionally includes an audio encoder 2cl and an 
audio buffer 2dl. With the present construction, it is possible 
to record the audio stream #1 with the application flag indicating 
"nearly same audio data." 

It is also possible to perform dubbing by replacing the 



"audio data in this audio stream #0 in units of packs. In this 
case, the "AudioO Attribute" is used to manage the state" of the 
audio stream #0 regarding whether the stream has been dubbed or 
not. 

In the present embodiment, the value of the 
copy /original flag in the A1_PACK may be changed to "0" (original) 
after the pack is dubbed. Also, the value of the copy/original 
flag in the A1_PACK may indicate differently. For example, the 
flag may be set to indicate "original" when it is first recorded 
onto the disc. 

Furtheinnore, the reproduction time periods of the audio 
stream #0 and #1 may not completely match. For example, the. audio 
stream #1 may be generated by copying the audio stream #0 by 
excluding a part of the stream #0 which corresponds to a 
reproduction time period not expected to be dubbed. 

*• 

<Second Embodiment> 
<1 Optical Disc> 

The optical disc of Second Embodiment differs from that 
of First Embodiment in that a sub-picture stream for dubbing is 
multiplexed into VOBs. Here, the sub-picture (hereinafter 
referred to as SP) is a still picture superimposed on the video 
picture as a subtitle, textual information or the like. 

The following description focuses on characteristics of 
the present embodiment. 



FIG. 31 shows a structure of the VOB in the present 
embodiment in which elementary streams (video streams ; audio 
streams, and SP streams) are multiplexed. 

In the drawing, the SP stream 7 6 is still picture data 
(e.g., a code sequence generated by compressing a bit map image 
with the run-length encoding method) which includes a pliirality of 
pieces of still picture data respectively corresponding to a 
plurality of VOBUs in the VOB. However, since the SP stream 7 6 is 
used for dubbing, the SP stream 76 is only required to have a 
predetermined size (e.g., a size corresponding to one half of the 
display screen to be displayed at the bottom of the screen) and 
may be composed of invalid image data when the SP stream 7 6 is 
first recorded onto the disc. As shown in the pack sequence in 
FIG. 31, the SP stream 76 is multiplexed into the VOB as packs 
together with the video stream and the audio streams #0 and #1. 

SP packs in a.vOBU are effective during the reproduction 
period of the VOBU. That is, image data of at least one still 
picture is distributed over one VOBU as SP packs and is 
superimposed on the video image during the reproduction period of 
the VOBU. 

FIG. 32 shows a data format of the SP pack. In the 
drawing, : the sub-stream ID "0010 0000" indicates the SP pack. The 
other elements of the data format is the same as the data format 
shown in FIGs.lO and 11. 

FIG. 33 hierarchically shows the data structure of the 
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AV data management file. The present data structure is different 
from that shown in FIG. 12 in that it additionally has an SP 
attribute . 

. As shown in the fourth and fifth layers, the SP 
attribute includes an application flag. The present application 
flag may be different from that in the First Embodiment, That is, 
the value of the "Application Flag" indicates either "dubbed" or 
"not dubbed." However, when only one SP stream is multiplexed 
into a VOB, the application flag is set to "customized SP data" 

when the SP stream is first recorded onto the disc, and the 

t 

application flag is set to "dubbing SP data" when the dubbing is 
performed on the SP stream. 

<2 Optical Disc Recording/Reproducing Apparatus> 

The optical disc recording/reproducing apparatus 
(hereinafter referred to as recorder) in the present embodiment 
differs from that in the First Embodiment in that it includes MPEG 
encoder 12 and MPEG decoder 14 instead of MPEG encoder 2 and MPEG 
decoder 4. The following description focuses on characteristics 
of the present embodiment. 

FIG. 34 is a block diagram showing the construction of 
the MPEG encoder 12. Compared to the construction of the MPEG 
encoder 2 shown in FIG. 19, the present construction includes an SP 
encoder 2i and an SP buffer 2j, and includes a system encoder 2k 
and a dubbing unit 2m instead of the system encoder 2e and the 
dubbing unit 2h. 
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The SP encoder 2i generates the SP stream by encoding 
SP data for each VOBU with the run-length encoding method". 

The SP buffer 2j temporarily stores the contents of the 
SP stream generated by the SP encoder 2i in sequence. 

The system encoder 2k has a function to generate SP 
packs of the SP stream for dubbing when the VOB is recorded onto 
the disc, as well as the functions of the system encoder 2e. That 
iS/ the system encoder 2k generates SP packs corresponding to a 
predetermined size of still picture data for each VOBU. In doing 
so, invalid data may be included in the SP packs. The generated 
SP packg are multiplexed into the VOB together with the video 
packs aftd the audio packs (AO_PCKs and Al_PCKs) . Alternatively, 
the dontehts of the SP stream stored in the SP buffer may be 
converted to packs and multiplexed into the VOB in sequence. 

The dubbing unit 2m has, as well as the functions of the 
dubbing unit 2h, has a function to replace, for each VOBU, the 
data stored in the payload field of the SP PACKs with the contents 
of the SP stream stored in the SP buffer. For this purpose, the 
dubbing unit 2m has a pack buffer 2ml for storing the SP packs of 
the VOB used for the above replacement. 

FIG. 35 is a block diagram showing the construction of 
the MPEG decoder 14. Compared to the construction of the MPEG 
decoder 4 shown in FIG. 18, the present construction includes an SP 
buffer 4g, an SP decoder 4h, and a combining unit 4i. 

The SP buffer 4g temporarily stores the SP packs having 
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'been separated from the VOB by the demultiplexor 4a. 

The SP decoder 4h decodes the data (having been 'encoded 
with the run-length encoding method) in the SP packs transferred 
from the SP buffer 4g. 

The combining unit 4i combines the video data output 
from the video decoder 4c with the still picture data output from 
the SP decoder so that the still pictures are superimposed on the 
video images. 

As apparent from the above description^ the VOBs 
recorded onto the optical disc of the present embodiment each have 
a prede.termined amount of space that can store isub-picture data 
for dubbing. This enables the sub-pictures to be dubbed in VOBs 
without re-encoding or re-locating the VOBs . 

In the present embodiment, only one SP stream for 
dubbing is multiplexed into each VOB. However, two SP streams may 
be multiplexed into each VOB as two audio streams are multiplexed 
in the First Embodiment. 

In the present embodiment, three types of audio encoding 
modes: MPEG audio, AC-3, and linear PCM are used. . However, not 
limited to these modes, other encoding modes can be adopted. 

In the present embodiment, it is described that one pack 
includes one packet. However, one pack may include a plurality of 
packets. 

In the present embodiment, DVD-RAM is used as a 
recording medium. However, not limited to this, other rewriteable 
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media such as MO jor HDD can be used to obtain the same effects. 

i' 

The present invention has been, fully described by way. 
of examples with reference to the accompanying drawings, it is to 
be noted that various changes and modifications will be apparent 
5 to those skilled in the art. Therefore, unless such changes, and 
modifications depart from the scope of the present invention, they 
should be construed as, being included therein. 



67 



